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Description 
TECHNICAL FIELD 

This invention relates to implantable medical s 
devices which automatically and therapeutically monitor 
the cardiac condition of a patient by sensing the 
patient's intrinsic cardiac rhythm, particularly for the 
presence of tachyarrhythmias, and which deliver ther- 
apy in the form of electrical energy to cardiac tissue in io 
an attempt to revert such tachyarrhythmias and restore 
the heart to a normal sinus rhytiim. In particular it 
relates to an apparatus and method for the induction of 
arrhytiimias such as ventricular fibrillation in an implant- 
able medical device which is capable of delivering defi- 15 
briilation tiierapy to a patient's inadequately functioning 
heart. Preferably tiie implantable defibrillator also has 
the capability of delivering bradycardia and antitachy- 
cardia pacing tiierapies when necessary. 

20 

PRIOR ART 

United States Patent No. 3.857,398 to Rubin 
describes a combined pacer/defibrillator. This device 
either performs a bradycardia pacing or a defibrillation 25 
function depending on tiie detection of a VTA/F. If a 
VTA/F is detected, the device is switched to the defibrii- 
latlng mode. After a period of time to charge the capac- 
itor, a defibrillation shock is delivered to the patient. This 
device has no provision for antitachycardia pacing and 30 
is unable to provide fibrillation induction eitiier through 
the pacing circuitry or the defibrillation circuitry 

A multiprogramable, telemetric, implantable defibril- 
lator is disclosed in Patent No. WO89/01802 to N. L. 
Gilli et al., entitled "Reconfirmation Prior to Shock for 35 
Implantable Defibrillation". The Gilli et al. device con- 
tains a bradycardia support system as well as a high 
energy shock system to revert ventricular tachycardias 
to normal sinus rhytiim. On reconfirmation of the pres- 
ence of a tachycardia, a shock is delivered to tiie patient 40 
at a predetermined time or when tiie desired energy 
level is reached. This implantable pacemaker/defibrilla- 
tor does not include an antitachycardia pacing facility 
and ttierefore cannot be used to induce either ventricu- 
lar tachycardias or ventricular fibrillations by delivering a 45 
rapid succession of pacing pulses through tiie pacing 
circuiti'y. Furthermore, there is no provision in the device 
for inducing a VT/VF by means of the defibrillation cir- 
cuitry. 

A device for inducing anrythmia in a patients heart so 
by delivering a plurality of microshocks to the heart is 
described in EP-A-508 326, which is a document falling 
under Article 54(3) EPC. 

A further development in the field of combined 
implantable devices is described in United States Pat- 55 
ent No. 4.940,054 to R. Grevis et al.. entitied "Apparatus 
and Method for Controlling Multiple Sensitivities in 
Arrhythmia Control Systems Including Post Therapy 
Pacing Delay" This device is a microcomputer based 



anrhytiimia conti-ol system which is programmable by 
means of a telemetric link. The device provides single 
chamber bradycardia support pacing, antitachycardia 
pacing, and cardioversion or defibrillation shocks for 
restoring normal sinus rhythm to a patient, although not 
desribed in US-4 940 054. this implantable pace- 
maker/defibrillator device may be used to induce ven- 
ti'icular f&)rillation and ventricular tachycardia, for tiie 
purpose of testing and evaluating the effectiveness of 
tiie programmed therapy 

TTie metiiod of arrhytiimia induction in tiie Grevis et 
al. device is performed by high rate padng irf accord- 
arrce with preset or programmed 'timing regimes using 
tiie normal pacemaker pacing circuitry This method is 
usually successful when it is desired to induce a VT. 
However, problems have arisen when attempting to 
induce VF, whereby the device has proven to be inade- 
quate at times. The pacing circuitry in tiie Grevis et aJ. 
device includes a voltage pump circuit and a capacitor 
tiiat is charged to the required amplitude for a pacing 
pulse. When tiie device is pacing at tiie bradycardia 
pacing rate or is required to induce a ventricular tachy- 
cardia, tiie output switch between the capadtor and the 
pacing electrodes is turned on and off at the padng rate, 
providing sufficient time for the capacitor to acquire it's 
maximum charge each time a pacing pulse is gener- 
ated. 

However, when the Grevis et al. device is required 
to induce a VF. the extremely high pacing rate required 
(in tiie order of 50 pulses per second) places an exces- 
sive demand on the circuitry to charge the capacitor at 
this high switching rate. Hence, in a relatively short time 
a voltage droop occurs as there is not enough time 
between successive pacing pulses for tiie capacitor to 
be fully charged by tiie voltage pump drcuit. This rapidly 
lowers the maximum attainable voltage for each pacing 
pulse generated. Accordingly, a non-capture situation 
arises and, therefore, a failure to achieve fibrillation 
induction. 

Moreover, in devices such as the Grevis et al. 
device fibrillation induction is initiated using the pacing 
drcuitry and tiie sense/pace lead system of tiie device. 
Therefore, due to the limited amplitudes of pacing 
pulses, which have maximum values typically in the 
range of 7-10 volts, capture may often be unattainable 
solely for ttie reason of insufficient pulse energy 

Additionally, it would not be possible to use such a 
system to induce fibrillation via tiie defibrillation lead 
system. The principal reason for tiiis is due to the large 
surface area of a defibrillator lead, typically known in the 
art as a patch. This large patch surface area is generally 
about 2 or more orders of magnitude higher than the 
area of a pacing tip. As it is a sufficient level of current 
density at the electi-ode interface witii the heart which 
achieves capture, and since cun-ent density is equal to 
current divided by surface area, then it would follow that 
in the case of a much greater surface area patch, a sig- 
nificantiy higher current is correspondingly necessary. 
In view of the foregoing, such a level of current, two or 
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more levels of magnitude greater than that generated 
through the pacing circuitry via the sense/pace lead 
system, can only be achieved using the defibrillation cir- 
cuitry and the defbriliation lead system. 

Thus, in certain patients where it has not been pos- 
sible to successfully achieve an induced VF using the 
Grevis et al. device, the device has proved disadvanta- 
geous and not in the complete interests of patient 
safety, especially since the individually physician-pro- 
grammed therapies related to the least time-consuming 
therapy mode and the most effective defbrillation 
energy generally have not been tested and evaluated at 
the time of implant or patient follow-up. 

It is therefore an object of tiie present invention to 
provide an apparatus for effectively inducing VP's and 
other arrhythmias in a patient's heart. 

It is another object of tiie invention to provide an 
improved implantable pacemaker/defibrillator device for 
effectively inducing VP's and other arrhytiimias in a 
patient*s heart to facilitate successful testing and evalu- 
ation of therapies and other operations of the implanta- 
ble device when required by a patient's physician. 

It is also an object of the invention to provide an 
Improved implantable device capable of effectively 
inducing fibrillation and other arrhythmias, without tiie 
need to add extra hardware circuitry components on the 
device, by providing software instructions to the micro- 
processor thereof, which instructions conti'ol existing 
defibrillation hardware circuitry and thus save critical 
space in the device. 

It is a furtiier object of the invention to provide for 
improved induction of VP's and other arrhytiimias by an 
implantable pacemaker/defibrillator device, utilizing tiie 
same circuitry of the device as tiiat which provides the 
defibrillation shock therapy, whereby the electi'ical stim- 
uli which induce the fibrillation may be delivered by 
means of the defibrillation electrode system. 

It is another object of the invention to provide a 
device capable of inducing ventricular tachycardia and 
ventricular fibrillation and other arrhythmias in a 
patient's heart by means of electrical stimuli, delivered 
via defibrillation circuitry of tiie device, wherein the elec- 
trical stimuli take tiie form of micro-shocks delivered in 
rapid succession. 

It is a still furtiier object of the invention to include in 
an implantable an^hythmia control system means for 
controlling various timing aspects of the micro-shocks 
for the purpose of delivering the micro-shocks at an 
optimal interval and pulse width for induction of the 
desired arrhythmia. 

It is yet another object of tiie invention to provide an 
apparatus capable of controlling tiie phase of individual 
micro-shock waveforms delivered during arrhytiimia or 
fibrillation induction, thus allowing the delivery of differ- 
ent phases of micro-shock waveforms such as 
monophasic, biphasic. triphasic, and other multiphasic 
waveforms. 

Further objects and advantages of the invention will 
become apparent as the following description proceeds. 



SUMMARY OP THE INVENTION 

Briefly stated, and in accordance witti one embodi- 
ment of the invention, tiiere is provided an implantable 

5 medical device for providing ttierapy to a patient's inad- 
equately functioning heart. The device comprises: 
means for detect ing fibrillation; a defibrillation electi-ode 
lead system for delivering defibrillation therapy to tiie 
patient's heart; defibrillation circuit means for providing 

10 defibrillation tiierapy to the defbrillation electrode lead 
system, the defSDrillation circuit means including means 
for storing an electrical charge therein, first control 
means coupled to tiie charge storing means for charg- 
ing tiie charge storing means to an appropriately high 

15 energy level for use in defibrillation therapy, in response 
to a detected tachycardia condition, and for charging tiie 
charge storing means to an appropriately low energy 
level for selectively inducing an arrhythmia in tiie 
patient's heart, and switching means for coupling tiie 

20 charge storing means to the defibrillation electrode lead 
system; tiie device further including second conti^ol 
means coupled to the switching means for selectively 
actuating tiie switching means to generate a plurality of 
micro-shocks in a series of one or more trains from the 

25 low energy electrical charge in tiie charge storing 
means and to deliver the micro-shocks to the defibrilla- 
tion electrode lead system for inducing the arrhythmia in 
tiie patient's heart, and synchronising means for syn- 
chronising tiie delivery of at least a portion of said train 

30 of micro-shocks to tiie patient's cardiac cycle, said 
device being programmable. 

In accordance with another aspect of the invention 
the implantable device preferably includes timing means 
which controls the intervals, pulse widtiis and duration 

35 of delivery of the micro-shocks. In this case the micro- 
shocks may be delivered continuously to the patient for 
a finite duration controlled by the timer or, in an alterna- 
tive embodiment of the invention, tiie micro-shocks may 
be delivered in a series of one or more trains. The 

40 device may also include means for sensing tiie R-wave 
of tiie patient's heart for triggering the timing of tiie start 
of delivery of tiie series of trains. 

In accordance with furtiier aspects of the invention 
tiie device is preferably capable of synchronizing tiie 

45 delivery of at least a portion of a train of micro-shocks to 
a patient's T-waves; the length of the series of trains and 
tiie micro-shock pulse widths are preferably program- 
mable parameters which may be programmed by the 
physician to suit a patient's individual needs; the device 

50 may include means for reversing the polarity of at least 
a portion of tiie micro-shocks delivered during fibrillation 
induction; and, each alternate individual micro-shock is 
preferably reversed in polarity from intermediate individ- 
ual micro-shocks for tiie purpose of charge balancing. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes witii claims par- 
ticularly pointing out and distinctiy claiming the subject 
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matter regarded as the invention herein, it is believed 
that the present invention will be more readily under- 
stood from the following detailed description, taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 A depicts a block diagram of an arrhythmia 
control system in accordance with one embodiment 
of this invention; 

FIG. 1B depicts a block diagram of an arrhythmia 
control system in accordance with another emkjodi- 
ment of this invention: 

FIG. 2 depicts a block diagram of a pacemaker 
employed in the arrhythmia control systems of this 
invention: 

FIG. 3 depicts a block diagram of a microprocessor 
enpioyed in the arrhythmia control systems of this 
invention: 

FIG. 4 shows a block diagram of a defibrillation and 
induction circuit employed in the an-hythmia control 
systems of this invention; 

FIG. 5 depicts a patienfs ECG and the waveform of 
fibrillation induction pulse train utilized in one 
embodiment of this invention: and, 
FIG. 6 depicts a patient's ECG and the waveform of 
fibrillation induction pulse trains utilized in another 
embodiment of this invention. 

DETAILED DESCRIPTION 

As used herein, the following terms have the mean- 
ings shown: 

'Tachyarrhythmia" refers to any fast abnormal 
rhythm of the heart which may be amenable to treat- 
ment by electrical discharges and specifically includes 
supraventricular tachycardia (SVT). ventricular tachy- 
cardia (VT), ventricular flutter and ventricular fibrillation 
(VF). 

"Defibrillation" refers to the discharge of electrical 
energy into cardiac tissue in an attempt to terminate or 
revert a tachycardia and may range from a high (40 
Joules or more) to a low (less than 1 Joule) of energy 
discharge. The discharge may be monophasic or bipha- 
sic but is not restricted to these waveforms. Defbrilla- 
tion shocks may or may not be synchronized to the 
rhythm of the heart. 

"Cardioversion" is defined as a particular example 
of defibrillation and generally refers in the pacemaker 
and defbrillation art to lower energy shocks in compari- 
son to defibrillation. Cardioversion shock is usually syn- 
chronized to the patient's intrinsic R-wave at the time of 
a delivery. 

"Micro-shock" is defined as a low level electrical 
stimulus, generally in the range of 5-15 volts, but in cer- 
tain circumstances it may be as low as or less tiian 1 
volt and as high as or more tiian 40 volts, and is deliv- 
ered to tiie patient's heart through defibrillation or cardi- 
oversion circuitry Micro-shocks are not delivered singly 
as is generally the case with higher energy cardiover- 
sion or defibrillation shocks which have the purpose of 



reverting a tachyarrhythmia in a patient's heart so as to 
restore normal sinus rhythm. In contrast they are deliv- 
ered in rapid succession either continuously for a finite 
predetermined time interval, or in association with a 

5 train of micro-shocks, in order to induce the condition of 
fibrillation or other arrhytiimia in a patient's heart tiiat is 
beating at a normal sinus rhythm. 

Referring to FIG. 1 A, tiiere is depicted a block dia- 
gram of an an-hythmia control system, shown generally 

10 at 10. System 10 is designed to be implantable and 
includes a pulse module, shown generally at 1 1 . and 
appropriate leads. More particularly, system 10 will gen- 
erally include a cardiac lead system 12 extending to the 
atrium/ventricle of a patient's heart 14 for tiie adminis- 

15 tration of tiierapy to the atrium/ventricle. System 1 0 gen- 
erally also includes a pacemaker 15 for the detection of 
analog signals representing cardiac electrical activity 
and for the delivery of pacing pulses to the heart; a 
microprocessor 16 which, in response to various inputs 

20 received from the pacemaker 1 5 as well as from a defi- 
brillator 1 7, performs various operations so as to gener- 
ate different control and data outputs to both pacemaker 

15 and defibrillator 17; and a power supply 18 for tiie 
provision of a reliable voltage level to pacemaker 15, 

25 microprocessor 16 and defibrillator 17 by suitable elec- 
trical conductors (not shown). Defibrillator 17 produces 
a high voltage to charge its capacitors and then dis- 
charges them in response to control signals from micro- 
processor 16. Defibrillator electrode leads 19A and 19B 

30 transfer the energy of a defibrillator shock or a micro- 
shock 20 from tiie implanted pulse module to the sur- 
face of the heart 14. It is also possible to have one lead 
at one polarity while the defibrillator case is used as the 
opposite polarity. However, it may be possible to have 

35 several electrodes in the configuration. 

Microprocessor 16 is connected to an external 
memory 21 by an address and data bus 22. An end-of- 
life (EOL) signal line 24 is used to provide, to microproc- 
essor 1 6, a logic signal indicative of the approach of bat- 

40 tery failure in power supply 1 8. 

As more fully described below, microprocessor 16 
and pacemaker 15 are connected by a communication 
bus 25, a sense line 26, a pace control line 27, a sensi- 
tivity control bus 28. and a pacing energy control bus 

45 29. As also more fully described below, microprocessor 

16 is connected to defibrillator 17 by a charge level line 
30. a charge confrol bus 31 , a shock control bus 32, and 
a dump control bus 34. 

f=br the purposes of this invention, fibrillation or 
50 Other an'hythmias can be induced to tiie ventricles of a 
patient's heart 14 by the delivery of a train of small defi- 
brillator shocks (micro-shocks) from the defibrillator 17 
to defibrillator electrode leads 19A and 19B. For tiiis to 
take place, the defibrillator 17 is controlled by micro- 
55 processor 16 by charge control line 31 and shock con- 
trol line 32. As more fully desaibed below, 
microprocessor 16 delivers a signal to charge control 
line 31 which initiates charging of tiie capacitor in defi- 
brillator 17. After a predetermined time (in tiie order of 
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milli-seconds). the microprocessor 16 turns off the 
charge control signal 31 and turns on the shock control 
signal 32. After activating shock control switches 106. 
107, 108, and 109 shown in FIG. 4 (to be described in 
greater detail hereinafter) for a pre-determined time 5 
(again in the order of milli-seconds) and in a pre-deter- 
mined configuration of phases and electrodes, shock 
control signal 32 is turned off by the microprocessor 16. 
This sequence is repeated after a certain interval (typi- 
cally in the order of milliseconds) as controlled by a 10 
timer within the microprocessor 16. Furthermore, each 
time the sequence is repeated, it may or may not be 
repeated in the same configuration. To obtain one mode 
of charge balancing, for example, different shock control 
switches may be activated on every alternate discharge 75 
thus reversing the polarity. For the purpose of arrhyth- 
mia or fibrillation induction, charged voltage level line 30 
and charge control line 34 are not necessarily used. 

Referring to FIG. 1 B, there is shown an alternate 
embodiment of the pulse module 1 1 shown in FIG. 1 A. 20 
In this embodiment, the energy from defibrillator 17 is 
delivered to the heart 14 via the pacemaker 15 and car- 
diac lead system 12. As shown, high voltage energy 
from defibrillator 17 is passed via a high voltage output 
line 45 to a changeover module 13 enroute to pace- 25 
maker 15. Module 13 is controlled by microprocessor 16 
via a changeover control line 23. When a control signal 
is passed from microprocessor 16 along changeover 
control line 23 to the changeover module 13. appropri- 
ate circuitry within changeover 13 connects the voltage 30 
on high voltage output line 45 from defibrillator 17 to 
pacemaker 15 via a changeover output line 46. In this 
embodiment, pacemaker 15 incorporates additional cir- 
cuitry to protect a pacing pulse generator circuit 36 
shown in FIG. 2 (to be described in greater detail here- 35 
inafter) and a sensing QRS detector circuit 37A. also 
shown in FIG. 2. from possible damage from the volt- 
ages delivered along changeover output line 46. This 
protection circuitry may additionally be controlled by 
microprocessor 16 along pace control line 27. 40 

By appropriate controls from microprocessor 16 
along pacing control line 27. changeover control line 23 
and shock control line 32, the proportion of energy 
delivered to each of cardiac lead system 1 2 and defibril- 
lator electrode leads 19A and 19B (and ultimately to the 45 
heart 14) can be controlled for each micro-shock in the 
train and for each train of micro-shod«. Hence, for each 
micro-shock delivered to the heart 14, a portion of the 
micro-shock's energy can be delivered via the cardiac 
lead system 1 2 and the remainder delivered via def ibril- so 
lator electrode leads 19A and 19B. Alternatively, some 
of the micro-shocks in a train of micro-shocks can be 
delivered via cardiac lead system 12 with the remainder 
of the micro-shocks being delivered via defibrillator 
electrode leads 19A and 19B. Similarly, a combination 55 
of a portion of the microshock's energy and a number of 
the micro-shocks could be delivered via cardiac lead 
system 12 with the remaining portion and number of 
micro-shocks being delivered via defibrillator electrode 



leads 19A and 19B. Also, the apportioning of energy 
delivered via cardiac lead system 12 and via defibrillator 
electrode leads 19A and 19B could be performed with 
respect to entire trains of micro-shocks in a series of 
trains. 

Referring now to FIG. 2. pacemaker 1 5 comprises a 
pacing circuit 35 which includes a pacing pulse genera- 
tor 36. a sensing circuit 37. and a telemetry circuit 38. In 
addition, there Is a control block 39 which includes an 
interface to microprocessor 16. 

In operation, sensing circuit 37 detects analog sig- 
nals 40 from the heart 14 in an internal QRS detector 
37A and converts the detected^ signals to digital signals. 
Furthermore, sensing circuit 37 receives an input sense 
control signal (which determines the sensitivity of tiie 
detection circuits in sensing circuit 37) by way of a 
sense control bus 41 from control block 39. As more 
fully described below, a change in this sensitivity will 
affect the voltage deviation required at the sensing elec- 
trode for a sense to be registered. 

Pacing circuit 35 also receives inputs from conti-ol 
block 39 including a pace control and a padng energy 
control by way of a pacing control bus 42 which carries 
the signals delivered by pace control line 27 and pacing 
energy control bus 29 from microprocessor 16. The 
pace control determines the type of padng to occur 
while the magnitude of the pulse energy is determined 
by the pacing energy control. Pacing circuit 35 causes 
pulse generator 36 to generate a pacing pulse 44 which 
is delivered to the patient's heart 14 by means of car- 
diac lead system 12 which may eitiier comprise a single 
lead or multiple leads. 

Telemetry circuit 38 provides a bi-directional link 
between control block 39 of pacemaker 15 and an exter- 
nal device (not shown) such as a programmer. It allows 
data such as tiie operating parameters to be read from 
or altered in the implanted pulse module 1 1 . 

Referring to FIG. 3, microprocessor 16 comprises 
two 16-bit timers 47 and 48. a CPU 49, a vectored inter- 
rupt block 50, a RAM 54. a ROM 55. a ports interface 57 
and an internal communications bus 58. RAM 54 acts 
as a scratch pad and active memory during execution of 
the various programs stored in ROM 55 and used by 
microprocessor 16. These programs include system 
supervisory programs, detection algorithms for detect- 
ing various arrhythmias, as well as storage programs for 
storing, in external memory 21. data concerning tiie 
functioning of module 1 1 and tiie electrogram provided 
by cardiac lead 12. Timers 47 and 48 and associated 
control software implement some timing functions 
required by microprocessor 16 without resorting entirely 
to software, thus reducing computational loads on and 
power dissipation by CPU 49. 

Signals received from telemetry circuit 38 (Rg. 2) 
permit an external programmer (not shown) to change 
tiie operating parameters of pacemaker 15 by supplying 
appropriate signals to control block 39 (Fig. 2). Commu- 
nication bus 25 serves to provide signals indicative of 
such confrol to microprocessor 16. Thus, it is also pos- 
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sible for an external programmer to control operation of 
defibrillator 17 (Fig. 1 A) by means of signals provided to 
microprocessor 16. 

Appropriate telemetry commands may cause 
telemetry circuit 38 (Fig. 2) to transmit data to the exter- 5 
nal programmer. Data stored is read out. by microproc- 
essor 16. on to communication bus 25, through control 
block 39 in pacemaker 15. and into the telemetry drcuit 
38 for transmission to the external programmer by a 
transmitter. 

Microprocessor 16 receives various status and/or 
control inputs from pacemaker 15 and deftorillator 17. 
During normal pacer operations the input signal to 
pacemaker 15 is a sense signal on sense line 26 which 
is used by microprocessor 16 to perform operations is 
such as arrhythmia detection. Microprocessor 16 pro- 
duces outputs such as the pace control on pace control 
line 27 which determines the type of pacing to take 
place. 

Other pacemaker control outputs generated by 20 
microprocessor 16 include a pacing energy control sig- 
nal on pacing energy control bus 29 which determines 
the magnitude of the pulse energy, and a sensitivity 
control signal on sensitivity control bus 28, which deter- 
mines the sensitivity setting of the sensing circuit. 25 

Microprocessor 16 provides to defibrillator 17 a 
shock control signal on shock control bus 32 which indi- 
cates that a shock Is to be delivered to the patient, a 
dump control signal on dump control bus 34 which indi- 
cates that a shock is to be dumped at an internal load 30 
within defibrillator 17. and a charge control signal on 
charge control bus 31 which determines the voltage 
level of the shock to be delivered. Charge voltage level 
line 30 provides a digital signal representative of charge 
voltage from an analog to digital converter within defi- 35 
brillator 17. thus providing a feedback loop which 
assures that a shock of proper energy level is delivered 
by defibrillator 17. 

With reference to FIG. 3. one technique of generat- 
ing a train of micro-shocks for fibrillation induction is to 40 
time on timer 47 a delay period for a pre-programmed 
interval, triggered by a sense control on sense line 26. 
after which charge control bus 31 is activated and timer 
48 is triggered. At the time-out of timer 48, charge con- 
trol bus 31 is deactivated, shock control bus 32 is acti- 45 
vated and timer 47 is triggered. For the delivery of a 
biphasic micro-shock for exanrpte, timer 47 would time 
out after the first phase of the micro-shock had been 
delivered to the def brillator electrode leads 19A and 
1 9B (FIG. 1 A), and would trigger shock control line 32 to so 
re-configure the shock control switches 106-109 shown 
in FIG. 4 (to be described in greater detail hereinafter) 
and would trigger timer 48 to deliver the second phase 
of the micro-shock. Numerous phases per micro-shock 
can be delivered by this technique. Following the micro- ss 
shocK timer 47 could then time-out a predetermined 
interval between micro-shocks while timer 48 controls 
the charge time. Thereafter, timer 47 would again con- 
trol the duration of the first phase of the next micro- 



shock and timer 48 would control the duration of the 
second phase of this micro-shock. This micro-shock 
generation cycle could be repeated a number of times, 
as may be programmed in and controlled by CPU 49. 
CPU 49 also controls the configuration of each miao- 
shock in terms of polarity along shock control bus 32. 

The time from the sense control trigger on sense 
line 26 to the beginning of the train, the charge time for 
each micro-shock, the width of each phase of each 
micro-shock, the interval between phases of each 
micro-shock, and the interval between successive 
micro-shocks can be individually controlled by timers 47 
and 48. In another embodiment, a timer may be used to 
limit the length of the train of micro-shocks to a pre- 
determined duration. 

Referring now to FIG. 4. there is shown a block dia- 
gram of defbrillation circuit, shown generally at 100. 
which is used in the invention for inducing fibrillatior^ 
Defibrillation circuit 100 includes a power supply or bat- 
tery 101 which corresponds to the power supply 18 
shown in FIGS. 1 A and IB. Battery 101 is connected to 
a high voltage inverter 103. A charge control signal 1 10 
is received via charge control bus 31 and passes to the 
high voltage inverter 103. The charge control signal 1 10 
is a programmed instruction which establishes the time 
during which a high voltage storage capacitor 104 is 
charged in order for it to acquire a certain voltage level. 
For example, if a micro-shock is required at a voltage of 
7.5V then the time to charge is 12ms. On the other 
hand, if a voltage of 5V is required for the micro-shock, 
then an 8ms time for charging would be required. The 
charge control signal 1 10 is passed to the high voltage 
inverter 1 03 via the charge control bus 31 . The high volt- 
age storage capacitor 104 is responsive to the high volt- 
age inverter 103 and charges to the appropriate energy 
level. For the purpose of the invention as described, the 
appropriate energy level is that energy level which is 
required for a micro-shock used in arrhythmia or fibrilla- 
tion induction. 

The defibrillation circuit 100 includes a high voltage 
output bridge switch, shown generally at 105. compris- 
ing four shock control switches 106. 107, 108, and 109. 
These four shock control switches receive shock control 
signals 32A, 32B, 32C, and 32D. respectively, which are 
relayed via the shock control bus 32. In this particular 
embodiment there are four shock control switches and 
four shock control signals to allow for micro-shocks or 
defibrillation shocks, which may be monophasic. bipha- 
sic or multiphasic. A multiphasic micro-shock or defibril- 
lation shock is achieved by means of software 
programming techniques known to those skilled in the 
art. which provide appropriate control over the shock 
control switches. Additionally, and by similar well known 
programming means, these four shock control switches 
can control the polarity of a monophasic micro-shock 
and the polarity of the first phase of any multiphasic 
micro-shock. For arrhythmia or fibrillation induction, the 
micro-shocks may be delivered through the electrode 
lead system 19A and 19B. as in the case for defibrilla- 
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tion shocks, or through a combination of electrode lead 
system 12 (FIGS. 1A and IB) and electrode lead sys- 
tem 19A and 19B. or through electrode lead system 12 
alone. 

Referring to FIG. 5 there is depicted a patient's 5 
electrocardiogram or ECG, shown generally at 61, and 
the waveform of the fbrlllation induction pulse train of 
micro-shocks, according to one emtxxilment of the 
invention, shown generally at 62. The patient's ECG 61 
includes an R-wave 63 and a T-wave 64. The pulse train io 
62 includes micro-shocks 65 and 66 which are delivered 
in rapid succession by the defibrillation circuit 100 (FIG. 
4) in order to induce a ventricular fibrillation in the 
patient's heart. The particular pulse train 61 shown in 
FIG. 5 is a continuous pulse train of micro-shocks deliv- is 
ered over a finite time duration defined by points A and 
8 in FIG. 5. Micro-shock 65 and micro-shock 66, which 
comprise an adjacent pair of micro-shocks in pulse train 
61 . are reversed in polarity in this embodiment, as is the 
case for each adjacent pair of micro-shocks within the 20 
pulse train. Also, all of the micro-shocks In the pulse 
train shown in this embodiment are biphasic but could 
be programmed to be othenMse. The values and specif- 
ics of the micro-shock pulse width, amplitude, phase, 
the number of micro-shocks delivered, and other pro- 25 
grammable parameters are provided through the soft- 
ware programming of the microprocessor 16. The 
details of software Instructions are not shown as the 
programming methods are well known to those skilled in 
the art of biomedical engineering. 30 

Referring to FIG. 6 there is depicted a patient's 
ECG, shown generally at 71 , and the waveforms of the 
fibrillation induction pulse trains of micro-shocks, 
according to another embodiment of the invention, 
shown generally at 72 and 73. The patient's ECG 71 35 
includes, R-waves at 74 and 76. and T-waves at 75 and 
77. The method of faDrlllation induction used in this 
embodiment, rather than being in the form of a continu- 
ous pulse train of micro-shocks, takes the form of a 
series of bursts of pulse trains, as shown at 72 and 73. 40 
Pulse train 72 is triggered at time TA by the detection of 
R-wave 74. There is then a post-triggering delay 
between time TA and the start of delivery of the pulse 
train at point A1 . The delivery point A1 allows for the 
micro-shock 78 to coincide with the T-wave 75 for the 45 
purpose of achieving the most effective fibrillation 
induction. The pulse train 72 extends until termination 
point 81 . Although the first micro-shock 78 coincides 
with the T-wave in the embodiment as shown, it is also 
possible in other embodiments that other micro-shocks so 
which are not necessarily the first micro-shock in the 
train or sequence could coincide with the T-wave. 

In an article by S. C. Hammill, entitled "Ventricular 
Arrhythmias", appearing at page 799 of Cardiology: 
Fundamentals and Practice, edited by R. O. Branden- ss 
burg, V. Fuster. E. R. Giuliani and D. C. McGoon, and 
published by Year Book Medical Publishers Inc., Chi- 
cago. U.S.A., 1987, it is stated, at p. 802. that in the car- 
diac cycle the middle third of the T-wave corresponds to 



the highest possible dispersion of refractoriness within 
the ventricles. As a result of this, the ventricles are most 
vulnerable to the initiation of arrhythmias during the mid- 
dle third of the T-wave. Micro-shock 78 in the form of a 
trapezoidal wave is followed by micro-shock 79 which 
has a reverse polarity for the purpose of maintaining 
charge balancing. As in the case of the FIG. 5 embodi- 
ment, alternate micro-shocks are subjected to the same 
pattern of polarity reversal. Following timeout of the 
pulse train interval A1 81 , there is a delay between time 
81 and time TC. During this delay time, the circuitry 
awaits the sensing of the next R-wave 76. The sensing 
triggers the circuitry to commence the delivery of the 
next pulse train 73. 

Following the post-triggering delay from TC to CI. 
the device commences pulse train 73 delivery with the 
first micro-shock 80 coinciding with the T-wave 77. 
Again, as with previous pulse train 72. the next micro- 
shock 81 is subjected to a polarity reversal and alter- 
nate micro-shocks have their polarity reversed, until 
timeout of the pulse train inten^al at D1 . 

Various aspects of the invention may be subject to 
programmability so that a physician may Individualize 
the therapy for a particular patient's own needs. Also, by 
means of appropriate software programming, the device 
may automatically select from a combination of different 
parameters the most effective value of each parameter 
in order to achieve a competent arrhythmia induction. 
Furthermore, the invention may be automated to such 
an extent that the following parameters can be deter- 
mined and set as a ratio of the cycle length of the 
patients cardiac rhythm or can be determined and set 
based on the amount of haemodynamic compromise 
that Is extant: the interval between successive micro- 
shocks; the pulse widths of the microshocks; the pulse 
width of each phase of each microshock; the time delay 
between the phases of the micro-shocks; the delay 
between the trigger and the commencement of a train of 
micro-shocks; the delay between successive trains of 
micro-shocks; and. the duration of the train of micro- 
shocks. Equally, the Invention may be automated such 
that the amplitude of the energy delivered for the induc- 
tion of a fibrillation or other arrhythmia can be deter- 
mined by increasing the voltage of the micro-shocks 
until capture of the cardiac cells is detected. 

It is furthermore possible for the invention to pace 
the heart at a pre-programmed rate for a short period of 
time to entrain the heart muscle and cause it to contract 
at a steady and known rate, after which the device can 
deliver the arrhythmia induction train of micro-shocks 
using previously determined values for each of the pro- 
grammable parameters. 

As Indicated above, one example of a programma- 
ble parameter is the micro-shock pulse energy, or ampli- 
tude, which is dependent on the amount of time during 
which the capacitors are charged. The pulse width of a 
micro-shock is another programmable feature. 

The micro-shock frequency or repetition rate 
parameter may need to be adjustable In order to induce 
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an arrhythmia at a required rate. This parameter may 
also be expressed as the inverse of the sum of the inter- 
micro-shock delay and the micro-shock pulse width. 
The delivery of continuous micro-shocks or the inclu- 
sion of discreet pulse trains is another available choice. 5 
If pulse trains are delivered by the device then there 
remains to be selected the number of trains, the number 
of micro-shocks in a train or the time duration of the 
train, and then the value of the time delay in between 
trains. Also, following triggering of a pulse train or a 10 
sequence of continuous micro-shocks, and prior to 
delivery of that pulse train or sequence of micro-shocks, 
there exists a programmable post-triggering delay 
period. 

Furthermore, the actual feature of the patient's is 
EGG or hemodynamic condition which triggers arrhyth- 
mia induction may be decided upon and programmed 
by a physician. For example, the triggering may be a 
result of R-wave sensing by means of an intracardiac 
electrogram which may be either endocardial or epicar- 20 
dial. The device may sense for the R-waves using either 
the sense-pace electrodes or the defibrillation elec- 
trodes. Alternately, triggering for the start of an arrhyth- 
mia induction may be initiated by a hemodynamic 
sensor such as the right ventricular peak systolic pres- 25 
sure, or other intra-cavitary pressure, intra-mural pres- 
sure, impedance changes, cardiac motion detectors, 
sonomlcrometry. or a combination of these or other 
electrical, physiological, mechanical, or hemodynamic 
characteristics known to those skilled in pacemaker and 30 
defibrillator technology The number of phases in the 
micro-shock may be subject to programmability with 
options of selecting monophasic. biphasic, triphasic or 
other multi-phasic micro-shocks. Also, the interval 
between successive phases may be a programmable 35 
option. Additionally, the choice of polarity reversal is 
available to allow for charge t>alancing, as are other 
modes of charge balancing such as the generation of a 
rising potential before and/or after the delivery of a 
micro-shock and being both opposite in polarity to the 40 
micro-shock and of equal amount of delivered charge. 

Although the invention has been described with ref- 
erence to a particular embodiment, it is to be under- 
stood that this embodiment is merely illustrative of the 
application of the principles of the invention. For exam- 45 
pie. the principle of the invention applies eXally to single 
chamber defbrillator/pacemaker devices and dual 
chanrtber defibrlllatory|3acemaker devices which incor- 
porate in their therapy both atrial and ventricular brady- 
cardia and antitachycardia pacing, whereby the device so 
has tiie capability of inducing fibrillation and otiier 
arrhytiimias in both tiie atrium and the ventricle eitiier 
separately or simultaneously Examples of some otiier 
arrhytiimias applicable to the invention are VT, SVT and 
AR It may also be noted tiiat the shape of the micro- ss 
shock waveforms are not necessarily limited to the trap- 
ezoidal waveform as described with reference to the 
drawings. 

While there have been shown and described what 



are presentiy considered to be the preferred embodi- 
ments of this invention, it will be obvious to those skilled 
in tiie art that various other changes and modifications 
may be made without departing from the broader 
aspects of tiiis invention. 

Claims 

1 . An inrplantat>le medical device for providing therapy 
to a patient's inadequately functioning heart (14), 
comprising: 

means (37) for detecting fibrillation; 
defibrillation electrode lead system (19A, 19B) 
for delivering defibrillation therapy to the 
patient's heart (14); 

defibrillation circuit means (17) for providing 
defibrillation tiierapy to said defibrillation elec- 
trode lead system (19A, 19B). said defibrilla- 
tion circuit means (17) including means (104) 
for storing an electrical charge; 
first control means (16. 31. 103) coupled to 
said charge storing means (104) for charging 
said charge storing means (104) to an appro- 
priately high energy level for use in defibrillation 
therapy in response to a detected tachycardia 
condition, and for charging said charge storing 
means (104) to an appropriately low energy 
level for selectively inducing arrhythmia in tiie 
patient's heart (14), and switching means (106, 
107, 108. 109) for coupling said charge storing 
means (104) to said defibrillation electrode 
lead system (19A, 19B); said device further 
compring: 

second control means (16. 32) coupled to said 
switching means (106. 107. 108. 109) for selec- 
tively actuating said switching means (106, 
107, 108. 109) to generate a plurality of micro- 
shocks (65. 66) in a series of one or more trains 
(62) from said low energy electrical charge in 
said charge storing means (104) and to deliver 
said micro-shocks to said defibrillation elec- 
trode lead system (19A, 19B) for inducing said 
arrhytiimia in the patient's heart; and 
synchronising means for synchronising tiie 
delivery of at least a portion of said train of 
micro-shocks to tiie patient's cardiac cycle, 
said device being programmable. 

2. An implantable medical device according to claim 1 , 
furtiier including timing means (47. 48) for control- 
ling said micro-shocks, said timing means (47, 48) 
conti"olling intervals between said micro-shocks 
(65, 66), pulse widths of said micro-shocks (65, 66) 
and duration of delivery of said micro-shocks (65. 
66). 

3. An implantable medical device according to claim 1 , 
wherein said device forn^ part of an implantable 
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pacemaker/defibrillator device (10). 

4. An implantable medical device according to claim 1 . 
wherein the pulse energy of a said micro-shock Is a 
programmable parameter. s 

5. An implantable medical device according to daim 1 , 
wherein the pulse width of a said micro-shock is a 
programmable parameter. 

10 

6. An implantable medical device according to daim 1 . 
wherein the number of phases of a said micro- 
shock is a programmable parameter. 

7. An implantable medical device according to daim 1 , is 
wherein the pulse frequency of said micro-shocks is 

a programmable parameter. 

8. An implantable medical device according to daim 1 , 
wherein at least one of (a) the number of micro- 20 
shocks delivered and (b) the duration of delivery of 
said micro-shocks is a programmable parameter, 

9. An implantable medical device according to daim 1 , 
wherein the interval between successive micro- 25 
shocks (65. 66), the pulse widths of said micro- 
shocks (65. 66), the pulse widths of each phase of 
each said micro-shock (65, 66), the time delay 
between said phases of said micro-shocks (65. 66). 
and the duration of each train of micro-shocks (65. 30 
66) are set based on at least one of (a) a ratio of the 
cycle length of the patients cardiac rhythm and (b) 

the amount of haemodynamic compromise extant 
in the patient's heart (14). 

35 

1 0. An implantable medical device according to daim 1 . 
wherein the anplitude of the energy delivered for 
the induction of an arrhythmia is determined by an 
increase in voltage until capture of the cardiac cells 

is detected. 40 

11 . An implantable medical device according to daim 1 , 
further including a pacing electrode lead system 
(12). wherein at least a portion of the energy deliv- 
ered in the form of said micro-shocks (65, 66) to the 45 
patient's heart (14) is delivered by said pacing elec- 
trode lead system (12). 

1 2. An implantable medical device according to daim 1 , 
further including a pacing electrode lead system so 
(12). wherein at least a portion of the number of 
said micro-shocks (65. 66) delivered to tiie patient's 
heart (14) is delivered by said pacing electrode lead 
system (12). 

55 

1 3. An implantable medical device according to daim 1 . 
further including means for reversing the polarity of 
at least a portion of the micro-shocks (65. 66) deliv- 
ered during arrhythmia induction. 



1 4. An implantable medical device according to claim 6, 
furtiier including means for reversing polarity of 
selected ones of said micro-shocks (65. 66) and 
selected phases of said micro-shocks. 

15. An inplantable medical device according to daim 
13, wherein each alternate Individual micro-shock 
is reversed in polarity for the purpose of charge bal- 
ancing. 

1 6. An implantable medical de\^lce according to claim 1 , 
wherein said device forms part of a pace- 
maker/defibrillator (10). and wherein said pace- 
maker/defibrillator (10) delivers a short run of 
pacing pulses to entrain tiie contractions of the 
heart (14) prior to delivery of said micro-shocks (65. 
66) to tiie patient*s heart (1 4) so tiiat the delivery of 
said train of micro-shocks can be synchronised rel- 
ative to the patient's cardiac cycle. 

1 7. An implantable medical device according to claim 1 . 
said micro-shock ti'ain (62) is triggered, a post-trig- 
gering delay period is provided prior to delivery of a 
said ti-ain (62). and said post-triggering delay period 
is a programmable parameter. 

18. An implantable medical device according to claim 1 . 
further including means responsive to a sensing of 
the patient's R-wave for triggering tiie start of deliv- 
ery of said series of trains. 

19. An implantable medical device according to any 
one of claims 1 or 18. further including means for 
synchronising the delivery of at least a portion of a 
said train of micro-shocks to tiie patient's T-wave. 

20. An implantable medical device according to any 
one of daims 1. 18 or 19. wherein the length of tiie 
said series of trains and tiie widths of said micro- 
shock pulses are programmable parameters which 
may be programmed by a physician to suit a 
patient*s individual needs. 

21. /\n implantable medical device according to any 
one of claims 1. 18 or 19. wherein the number of 
said trains, the number of micro-shocks in a train, 
and the time delay between successive trains are 
programmable parameters. 

22. An implantable medical device according to daim 
17, wherein tiie inten/al between successive micro- 
shocks (65. 66) the pulse widths of said micro- 
shocks (65. 66). the pulse widths of each phase of 
each said micro-shod< (65. 66), the time delay 
between said phases of said micro-shocks (65. 66). 
the delay between the trigger and the commence- 
ment of a train (62) of micro-shocks. (65. 66). the 
delay between successive trains (62) of micro- 
shocks, and the duration of each train (62) of micro- 
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shocks are set based on at least one of (a) a ratio of 
the cycle length of the patients cardiac rtiythm and 
(b) the amount of haemodynamic compromise 
extant in the patient's heart (14). 

5 

PatentansprOche 

1 . Implantierbare medizinische Vorrichtung zur Durch- 
fuhrung von Therapie an einem unzulSnglich funk- 
tionierenden Herzen (14) eines Patienten. mit: io 

einer Einrichtung (37) zur Erkennung des 
Fibrillierens; 

einem Defibrillationselektrodenleitungssystem 
(19A, 19B) zur Durchfuhrung von Defibrillati- is 
onstherapie am Herzen (14) des Patienten; 
einer Defibrillationsschaltungseinrichtung (17) 
zur Durchfuhrung von Defibrillationstherapie 
an besagtem Defibrillationselektrodenlei- 
tungssystem (1 9A. 1 9B). wobei besagte 20 
Defibrillationsschaltungseinrichtung (17) eine 
Einrichtung (104) zum Speichern einer elektri- 
schen Ladung aufweist; 
einer ersten Steuerungseinrichtung (16, 31, 
103), die an die Ladungsspeicherungseinrich- 25 
tung (104) gekoppelt ist zum Laden besagter 
Ladungsspeicherungseinrichtung (104) bis zu 
einem hinreichend hohen Energiepegel zur 
Venfvendung bei der Defibrillationstherapie, 
ausgel6st durch eine erkannte Tachykardiebe- 30 
dingung, und zum Laden besagter Ladungs- 
speicherungseinrichtung (104) bis zu einem 
hinreichend niedrigen Energiepegel zur selek- 
tiven Induzierung von Arrhythmie im Herzen 
(14) des Patienten, und einer Schaltungsein- 35 
richtung (106, 107. 108, 109) zum Ankoppein 
besagter Ladungsspeicherungseinrichtung 
(104) an besagtes Defibrillationselektrodenlei- 
tungssystem (19A, 19B); wobei die Vorrichtung 
ferner folgendes aufweist: 40 
eine zweite Steuerungseinrichtung (16, 32), 
die an besagte Schaltungseinrichtung (106, 
107. 108, 109) gekoppelt ist zum selektiven 
Ausldsen besagter Schaltungseinrichtung 
(106, 107. 108, 109), um aus besagter elektri- 45 
scher Ladung mit geringer Energie in besagter 
Ladungsspeicherungseinrichtung (104) eine 
Vielzahl von Mikroschocks (65, 66) in einer 
Serie von einer oder mehrerer Folgen (62) zu 
erzeugen und besagte Mikroschocks besag- so 
tem Defibrillationselektrodenleitungssystem 
(19A, 19B) zur Induzierung besagter Arrhyth- 
mie im Herzen des Patienten abzugeben; und 
eine Synchronisiereinrichtung zum Synchroni- 
sieren der Abgabe mindestens eines Teiis der ss 
Folge von Mikroschocks an den HerzzyWus 
des Patienten, wobei die Vorrichtung program- 
mi erbar ist. 



2. Implantierbare medizinische Vorrichtung nach 
Artspruch 1, ferner mit einer Zeitsteuerungseinrich- 
tung (47. 48) zum Steuern besagter Mikroschocks, 
wobei besagte Zeitsteuerun^einrichtung (47, 48) 
Intervene zwischen besagten Mikroschocks (65, 
66). Impulsldngen besagter Mikroschocks (65. 66) 
und die Dauer der Abgabe besagter Mikroschocks 
(65, 66) steuert. 

3. Implantierbare medizinische Vorrichtung nach 
Anspruch 1. wobei besagte Von-ichtung Teil einer 
implantierbaren Schrittmacher/Defibrillatorvorrich- 
tung(10)ist. 

4. Implantierbare medizinische Vorrichtung nach 
Anspruch 1, wobei die Impulsenergie eines besag- 
ten Mikroschocks ein programmierbarer Parameter 
ist. 

5. Implantierbare medizinische Vorrichtung nach 
Anspruch 1, wobei die impulsldnge eines besagten 
Mikroschocks ein programmierbarer Parameter ist. 

6. Implantierbare medizinische Vorrichtung nach 
Anspruch 1 , wobei die Anzahl der Phasen eines 
besagten Mikroschocks ein programmierbarer 
Parameter ist. 

7. Implantierbare medizinische Vorrichtung nach 
Anspruch 1. wobei die Impulsfrequenz besagter 
Mikroschocks ein programmiert>arer Parameter ist. 

8. Implantierbare medizinische Vorrichtung nach 
Anspruch 1. wobei mindestens eines, ndmiich (a) 
die Anzahl abgegebener Mikroschocks und (b) die 
Dauer der Abgabe besagter Mikroschocks, ein pro- 
grammiert>arer Parameter ist. 

9. Implantierbare medizinische Vorrichtung nach 
Anspruch 1 . wobei das Intervall zwischen den auf- 
einanderfolgenden Mikroschocks (65, 66), die 
Impulsldngen besagter Mikroschocks (65, 66), die 
Impulsldngen jeder Phase jedes besagten Mikro- 
schocks (65. 66). die ZeitverzOgerung zwischen 
besagten Phasen besagter Mikroschocks (65. 66) 
und die Dauer jeder Folge von Mikroschocks (65. 
66) festgelegt werden auf der Grundlage von min- 
destens einem, ndmlich (a) einer relativen Zyklus- 
lange des Herzrhythmus des Patienten und (b) der 
Grd8e der hamodynamischen BeeintrSchtigung, 
die im Herzen (14) des Patienten vorhanden ist. 

10. implantierbare medizinische Vorrichtung nach 
Anspruch 1 , wobei die Amplitude der Energie, die 
zur Induzierung einer Arrhythmie abgegeben wird. 
solange durch eine Erhdhung der Spannung 
bestimmtwird, bis das ErfaBtwerdender Herzzellen 
erkannt wird. 
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11. Implantierbare medizinische Vorrichtung nach 
Anspruch 1. ferner mit einem Schrittmacherelektro- 
denleitungssystem (12). wobei mindestens ein Teil 
der Energie. die in Form besagter Mikroschocks 
(65, 66) an das Herz (14) des Patienten abgegeben 5 
wird. durch besagtes Schrittmacherelektrodenlei- 
tungssystem (12) abgegeben wird. 

12. Implantierbare medizinische Vonrichtung nach 
Anspruch 1 , ferner mit einem Schrittmachereieklro- 10 
denleitungssystem (12). wobei mindestens ein Teil 
der Anzahl besagter Mikroschocks (65, 66). die an 
das Herz (14) des Patienten abgegeben werden, 
durch besagtes Schrittmacherelektrodenlei- 
tungssystem (12) abgegeben wird. is 

13. Implantierbare medizinische Vomchtung nach 
Anspruch 1, ferner mit einer Einrichtung zum 
Umkehren der Polaritat bei mindestens einem Teil 
der Mikroschocks (65, 66). die wahrend der 20 
Arrhythmieinduzierung abgegeben werden. 

14. Implantierbare medizinische Von-ichtung nach 
Anspruch 6. ferner mit einer Einrichtung zum 
Umkehren der Polaritat bei ausgewShften besagten 25 
Mikroschocks (65. 66) und ausgewShlten Phasen 
besagter Mikroschocks. 

15. Implantierbare medizinische Vorrichtung nach 
Anspruch 13. wobei bei jedem zweiten einzelnen 30 
Mikroschock die Polaritat zum Zweck des Ladungs- 
ausgleichs umgekehrt wird. 

16. Implantierbare medizinische Von'ichtung nach 
Anspruch 1, wobei besagte Vorrichtung Teil eines 35 
Schrittmachers/Defibrillators (10) ist und wobei 
besagter Schrittmacher/Defibrillator (10) eine kurze 
Reihe von Schrittmacherirrpulsen abgibt, urn vor 
der Abgabe besagter Mikroschocks (65. 66) an das 
Herz (1 4) des Patienten Kontraktionen des Herzens 40 
(14) zu bewirken. so da6 die Abgabe besagter 
Folge von Mikroschocks relativ zum HerzzyWus des 
Patienten synchronisiert werden kann. 

17. Implantierbare medizinische Vonrichtung nach 45 
Anspruch 1. besagte Mikroschockfolge (62) getrig- 
gert wird. eine auf das Triggern folgende VerzGge- 
rungszeit vor der Abgabe einer besagten Folge (62) 
ermOglicht wird und die auf das Triggern folgende 
Verzdgerun^eit ein programmiert>arer Parameter so 
ist. 

18. implantierbare medizinische Vomchtung nach 
Anspruch 1. ferner mit einer Einrichtung, die 
anspricht auf die Erkennung der R-2acke des Pati- ss 
enten zwecks Triggerung des Beglnns der Abgabe 
besagter Serie von Folgen. 

19. implantierbare medizinische Vorrichtung nach 



einem der Anspruche 1 Oder 18, ferner mit einer 
Einrichtung zum Synchronisieren der Abgabe min- 
destens eines Tells einer besagten Folge von 
Mikroschocks an die T-Zacke des Patienten. 

20. Implantierbare medizinische Vorrichtung nach 
einem der AnsprQche 1. 18 Oder 19, wobei die 
Lange der besagten Serie von Folgen und die Lan- 
gen besagter Mikroschockimpulse programmier- 
bare Parameter sind. die von einem Arzt 
programmiert werden kdnnen. um den Indivlduelten 
Anforderungen eines Patienten gerecht zu werden. 

21. Implantierbare medizinische Vorrichtung nach 
einem der Anspruche 1, 18 Oder 19, wobei die 
Anzahl besagter Folgen, die Anzahl der Mikro- 
schocks in einer Folge und die ZeitverzOgerung 
zwischen aufeinanderfolgenden Folgen program- 
mierbare Parameter sind. 

22. Implantierbare medizinische Vorrichtung nach 
Anspruch 17. wobei die Intervalte zwischen aufein- 
anderfolgenden Mikroschocks (65, 66). die Irrpuis- 
langen besagter Mikroschocks (65. 66). die 
Impulsiangen jeder Phase jedes besagten Mikro- 
schocks (65. 66), die ZeitverzGgerung zwischen 
besagten Phasen besagter Mikroschocks (65. 66), 
die Verzdgerung zwischen dem Triggerimpuls und 
dem Beginn einer Folge (62) von Mikroschocks (65, 
66). die Verz6gerung zwischen aufeinanderfolgen- 
den Folgen (62) von Mikroschocks und die Dauer 
jeder Folge (62) von Mikroschocks festgelegt wer- 
den auf der Grundlage von mindestens einem. 
namlich (a) einer relath/en ZyWusiange des Herz- 
rhythmus des Patienten und (b) der Gr63e der 
hamodynamischen Beeintrachtigung, die im Her- 
zen (14) des Patienten vorhanden ist. 

Revendications 

1 . Dispositif m^ical inrplantable pour administrer une 
th^rapie au coeur (14) d'un patient qui fonctionne 
de fagon inad^uate. comprenant: 

un woyen (37) pour d^tecter une f ibriiiation; 
un syst^me de connexion d'^lectrode de defi- 
brillation (19A. 19B) pour administrer une th6- 
rapie de d^flbriliation au coeur (14) du patient; 
un moyen de circuit de defibrillation (17) pour 
appiiquer une th^rapie de defibriilation audit 
systeme de connexion d'^lectrode de defibrilla- 
tion (19A. 19B). ledit moyen de circuit de defi- 
briiiation (17) incluant un moyen (104) pour 
stocker une charge eiectrique; 
un premier moyen de commande (16. 31 . 103) 
couple audit moyen de stockage de charge 
(104) pour charger ledrt moyen de stockage de 
charge (104) k un niveau haute energie appro- 
prie en vue d*une utilisation lors de la therapie 



21 



EP0 536 873B1 



22 



de d^brillation en r^ponse k une condition de 
tachycardie d6tect6e et pour charger ledit 
moyen de stockage de charge (104) k un 
niveau basse ^nergie appropri6 pour induire 
s6leclivement une arythmie dans le coeur (1 4) 5 
du patient, et un moyen de commutation (106, 

107, 108. 109) pour coupler ledit moyen de 
stockage de charge (104) audit syst^me de 
connexion d'6lectrode de d6fa3rillation (19A. 

1 9B); ledit dispositif comprenant en outre: 10 
un second moyen de commande (16, 32) cou- 
ple audit moyen de commutation (106. 107, 

108, 109) pour actionner s6lectivement ledit 
moyen de commutation (106, 107. 108, 109) 
afin de g6n§rer une plurality de microchocs is 
(65. 66) selon une s^ie d'un ou de plusieurs 
trains (62) k partir de ladite charge ^lectrique 
basse 6nergie contenue dans ledit moyen de 
stockage de charge (104) et pour administrer 
lesdits microchocs audit systems de connexion 20 
d'^lectrode de defibrillation (19A, 19B) pour 
induire ladite arythmie dans le coeur du 
patient; et 

un moyen de synchronisation pour synchroni- 
ser I'administration d'au moins une partie dudit 25 
train de micro-chocs avec le cycle cardiaque du 
patient, ledit dispositif §tant programmable. 

2. Dispositif medical implantable selon la revendica- 
tion 1 . incluant en outre un moyen de cadencement 30 
(47, 48) pour commander lesdits microchocs, ledit 
moyen de cadencement (47, 48) commandant des 
intervalles entre lesdits miaochocs (65, 66). des 
largeurs d'impulsion desdits microchocs (65, 66) et 
une dur6e d*administration desdits microchocs (65, 35 
66). 

3. Dispositif medical implantable selon la revendica- 
tion 1 , dans lequel ledit dispositif fait partie d'un dis- 
positif de stimulateur cardiaque/d^fibrillation 40 
implantable (10). 

4. Dispositif m^ical implantable selon la revendica- 
tion 1, dans lequel r^nergie inrputsionnelle d'un dit 
miaochoc est un paramdtre programmable. 45 

5. Dispositif medical implantable selon la revendica- 
tion 1. dans lequel la largeur dimpulsion d'un dit 
microchoc est un param^tre programmable. 

50 

6. Dispositif medical implantable selon la revendica- 
tion 1. dans lequel le nombre de phases d'un dit 
microchoc est un param^tre programmable. 

7. Dispositif medical implantable selon la revendica- 55 
tion 1, dans lequel la fr^uence des impulsions 
desdits microchocs est un param^tre programma- 
ble. 



8. Dispositif m^ical implantable selon la revendica- 
tion 1 , dans lequel au moins un element pris parmi 
(a) le nombre de microchocs administr^ et (b) la 
dur6e d'administration desdits microchocs est un 
param^tre programmable. 

9. Dispositif medical implantable selon la revendica- 
tion 1 , dans lequel Tintervalle qui s6pare des micro- 
chocs (65. 66) successifs. les largeurs d'impulsion 
desdits microchocs (65, 66), les largeurs d'impul- 
sion de chaque phase de chaque dit microchoc (65, 
66), le retard temporel entre lesdites phases des- 
dits microchocs (65. 66) et la dur6e de chaque train 
de microchocs (65, 66) sont ^tablis sur la base d'au 
moins un element pris parmi (a) un rapport de la 
longueur du cycle du rythme cardiaque du patient 
et (b) la valeur d'un compromis h^modynamique 
existant dans le coeur (1 4) du patient. 

10. Dispositif m^ical implantable selon la revendica- 
tion 1 . dans lequel I'amplitude de I'^nergie admrnis- 
tr6e pour I'induction d'une arythmie est d6termin6e 
au moyen d'une augmentation de tension jusqu'^ 
ce qu'une capture des cellules cardiaques soit 
d6tect6e. 

11. Dispositif medical implantable selon la revendica- 
tion 1 , incluant en outre un syst^me de connexion 
d'^lectrode de stimulation (12), dans lequel au 
moins une partie de I'^nergie administr6e sous la 
forme desdits microchocs (65, 66) au coeur (14) du 
patient est administr6e par ledit syst^me de con- 
nexion d'6lectrode de stimulation (12). 

12. Dispositif medical implantable selon la revendica- 
tion 1, incluant en outre un systdme de connexion 
d'6leclrode de stimulation (12). dans lequel au 
moins une partie du nombre desdits microchocs 
(65, 66) administr6s au coeur (14) du patient est 
administr^e par ledit syst^me de connexion d'^lec- 
trode de stimulation (12). 

13. Dispositif medical implantable selon la revendica- 
tion 1 , incluant en outre un moyen pour inverser la 
polarity d'au moins une partie des microchocs (65. 
66) administr^e pendant une induction d'arythmie. 

14. Dispositif m^ica! implantable selon la revendica- 
tion 6. incluant en outre un moyen pour inverser la 
polarity de certains s^lectionn^ desdits micro- 
chocs (65. 66) et de certaines phases s6lection- 
n^es desdits microchocs. 

15. Dispositif m^ical implantable selon la revendica- 
tion 13. dans lequel chaque microchoc individuel 
altern^ voit sa polarity invers^e dans le but d'^uili- 
brer les charges. 

16. Dispositif m^ical implantable selon la revendica- 
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tion 1 , dans fequel ledit dispositif fait partie d'un sti- 
mulateur cardiaque/d^fibrillateur (10) et dans 
lequel ledit stimulateur cardiaque/d§fibrillateur (10) 
administre une courte salve d'impulsions de stimu- 
lation af in d'entraTner les contractions du coeur (1 4) 5 
avant d'administrer lesdrts miaochocs (65, 66) au 
coeur (14) du patient de telle sorte que radministra- 
tion dudit train de microchocs puisse §tre synchro- 
nis^e par rapport au cycle cardiaque du patient. 

10 

17. Dispositif m^ical implantable selon la revendica- 
tion 1 , dans lequel ledit train (62) de microchocs est 
d^lench^, une p^riode de retard de post-d^len- 
chemertt est pr^vue avant I'administration d'un drt 
train (62) et ladite p^riode de retard de post-d^len- 75 
chement est un param^tre programmable. 

18. Dispositif m^ical implantable seton la revendica- 
tion 1 , incluant en outre un moyen sensible k une 
detection de I'onde R du patient pour d^lencher le 20 
d§but de Tadministration de ladite s^rie de trains. 

19. Dispositif medical implantable selon Tune quelcon- 
que des revendications 1 ou 18, incluant en outre 

un moyen pour synchroniser Tadministration d'au 25 
moins une partie d'un dit train de microchocs sur 
I'onde T du patient. 

20. Dispositif m^ical implantable selon Tune quelcon- 
que des revendications 1, 18 ou 19, dans lequel la 30 
longueur de ladite s^rie de trains et les largeurs 
desdites impulsions des microchocs sont des para- 
metres programmables qui peuvent §tre program- 
mes par un m^ecin pour r^pondre k des besoins 
individuels d'un patient. 35 

21. Dispositif medical implantable selon Tune quefcon- 
que des revendications 1, 18 ou 19, dans lequel le 
nombre desdits trains, le nombre de microchocs 
contenus dans un train et le retard temporel entre 40 
des trains successifs sont des param^res pro- 
grammables. 

22. Dispositif m^ical implantable selon la revendica- 
tton 17. dans lequel Tintervalle qui s^pare des 45 
microchocs (65. 66) successifs, les largeurs 
d'impulsion desdits microchocs (65. 66). les lar- 
geurs d'inpulsion de chaque phase de cheque dit 
microchoc (65,66), le retard temporel qui s6pare 
lesdites phases desdits microchocs (65, 66). le so 
retard qui s^pare le d^lenchement et le commen- 
cement d'un train (62) de microchocs (65, 66), le 
retard qui s^pare des trains (62) successifs de 
microchocs et la dur^e de chaque train (62) de 
microchocs sont 6tablis sur la base d'au moins un ss 
element pris parmi (a) un rapport de la longueur de 
cyde du rythme cardiaque du patient et (b) la valeur 
d'un compromis h^modynamique existant dans le 
coeur (14) du patient. 
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